INTRODUCTION
It is known that the effect of heavy charged parti cles on living organism cells results in the formation of a wide spectrum of primary DNA lesions. The most important ones, which play the key role in the lethal and mutagenic effects of charged particles, include DNA single-and double strand breaks, base lesions, and different types of clustering of such lesions. A number of factors of physical and biological nature contribute to DNA molecule damage; these factors have a significant influence on the future of the lesions that have emerged in DNA. The physical factors asso ciated with exposure to heavy ions have to do, first of all, with the specifics of energy microdistribution in biomolecule structures [1] .
The primary lesions of the genetic apparatus of cells are only the initial stage of a complicated chain of events causing cell death or leading to the transforma tion of these lesions into mutations. The data available on the specifics of mutation formation under ionizing radiations with different linear energy transfer (LET) point to the complex and multi stage character of the ionizing radiation induced mutation process.
A model description of the effect of heavy charged particles on the DNA structure is the first stage of modeling the sequence of the events taking place after the exposure of the genetic apparatus of living organ isms to ionizing radiations. It is known that with increasing LET, the influence of charged particle energy fluctuations on radiation induced effects increases. For more precise evaluations of pre muta tion DNA damage yield taking into account the spe cifics of energy transfer by heavy charged particles, a 1 The article was translated by the authors. correct quantitative description of the energy deposi tion process in the sensitive volumes of the DNA mol ecule is required.
METHODS

Microdosimetric aspects of calculations.
Cal culations related to the spatial distribution of the absorbed dose and radiant energy density in the DNA structure were performed using the DOSE software for computing radial energy deposition in an electronic subsystem at the moment t in a point at the distance r from the center of the trajectory of different ions mov ing in liquid and solid media [2] .
The DOSE code allows evaluating the radial dose distribution in a heavy ion track on the basis of the delta electron track model, which is widely used in microdosimetry [3] . The model takes into account energy transfer determined by both the primary exci tation and ionization of atoms and delta electrons. Ionization energy is considered using the average ion ization potential, which is about 10 eV. The braking ability is calculated as an integral of the dose distribu tion over the radius according to SRIM code based calculations [4] .
The input parameters for the DOSE code include the atomic mass, charge, and energy of the incident ion; the atomic mass and charge of the nuclei of the target substance; the number of such nuclei in the molecule; the number of nuclear components; the total number of atoms in the molecule; and the density and molar mass of the substance.
1.2 DNA model. Several DNA models are most widely used in microdosimetric calculations. In sim ple models, DNA is represented as cylindrical seg No. 1 2012 ments 2 nm in diameter and 3.4 nm high. Simple models describing DNA as a two strand structure con sider it a cylinder 2.3 nm in diameter divided into sev eral internal segments corresponding to different DNA structure units. In particular, it is possible to identify a central cylindric area 1 nm in diameter, which corresponds to the locations of nitrous bases, and areas occupied by the sugar phosphate core. The latter can be represented as three dimensional semi arches that are 0.6 nm thick and 0.34 nm high. To describe the spiral shape of the molecule, each seg ment characterizing the nitrous base is shifted 36 degrees along the DNA chain. Such models are often offered in their more complicated versions allowing the DNA structure to be divided into smaller segments.
The most detailed description of the DNA struc ture consists in finding the exact spatial location of individual atoms. In recent years, using modern crys tallography techniques, a great amount of data have been obtained that characterize the three dimensional spatial structure of different proteins. Electronic data bases publishing the known crystal structures provide information on the spatial structure of DNA parts, including the coordinates of individual atoms [5, 6] . Such a level of detailing is necessary for the correct evaluation of the direct and indirect effects of ionizing radiation on the DNA structure.
In the course of this work, a spatial model of an adenine-thymine nucleotide pair oriented along the OZ coordinate axis in the line of the DNA chain was created based on DNA crystal structures available in the PDB database [5] . The alignment of the nucle otide pair relative to the accelerated ion track is shown in Fig. 1 . The distance between the DNA strand center and the geometric axis of the track was taken to be 5 nm. As the DNA center, the point was chosen that is equidistant from the extreme atoms: the oxygen atoms of the phosphate group.
RESULTS
The radial distribution of radiant energy density and the absorbed dose were calculated in tracks of 4 He, 12 C, and 40 Ar ions with energies of 3-20 MeV/nucleon passing through a part of the DNA chain; the process of accelerated particle energy transfer to individual atoms of an adenine-thymine nucleotide pair was studied. Fig. 2 and Fig. 3 show curves characterizing the radial distribution of the dose from primary ionization and delta electrons and the radial distribution of radi ant energy density of accelerated He, C, and Ar ions with energies of 3, 10, and 20 MeV/nucleon for each ion type. The results allowed calculating the spatial distribution of the dose and transferred energy for the atoms of an adenine-thymine nucleotide pair in the case of accelerated ion tracks passing 5 nm from the DNA geometric axis (Fig. 4) .
The results of our calculations show that at the same ion energy, the maximal dose near the DNA atom closest to the track center grows with an increase in the relative atomic mass of the particle. For exam ple, in the case of carbon ions with an energy of 3 MeV/nucleon, the maximal dose for the thymine atom closest to the track is ~8.5 times higher than in the case of helium ions and ~6 times lower than in the case of argon ions with the same energy. With projec tile particle energy increasing up to 10 MeV/nucleon, the differences in the maximal dose values become more significant with an increase in the relative atomic mass of the particle. In particular, for carbon ions, the differences are ~9.5 times compared with those for helium ions and ~8 times compared with those for argon ions. The energy of 20 MeV/nucleon is charac 
